Abstract A critical factor for understanding negative health outcomes is acknowledging the synergistic quality that clusters of health problems create. An important step in addressing clusters of health problems involves gaining an awareness of the contextual factors that connect them. This paper considers the intersection of 3 mutually reinforcing health problems: alcohol use, interpersonal violence (IPV), and HIV infection among pregnant women residing in South Africa. We explore how SAVA (substance abuse, violence and AIDS) -a syndemics related theory -underscores the dire need to intervene in various areas of psycho-social health and general well-being. Based on World Health Organization data, we highlight the remarkably high rates of alcohol use, IPV, and HIV infection among South African women compared with women residing in other countries around the world. We conclude by highlighting the need for improved recognition of the intersection of these epidemics and for improved surveillance of the prevalence of alcohol use among pregnant women. Finally, based on the literature reviewed, we provide recommendations for future interventions.
Introduction -The Impact of Intersecting Risks
The co-occurrence of risk factors is a topic of study across multiple fields in public health. We have long recognized patterns of co-occurring mental health diagnoses (particularly depression, anxiety, and substance use) and patterns of co-occurring medical diagnoses as age increases (eg, cardiovascular disease and hypertension). Furthermore, research has highlighted the interplay between clusters of both mental health and physical health diagnoses. Patients coming to terms with a diagnosis of a chronic illness like HIV, for example, face an increased risk of depression [1•, 2] . Moreover, individuals struggling with depression are more likely to self-medicate through substance use, including alcohol consumption, and are more likely to engage in other risk taking behavior [3] . This additive effect of negative health statuses may be further complicated by a sociocultural context that supports potentially harmful behaviors. For example, there is evidence that individuals residing in communities with elevated rates of substance use, and increased poverty and assault rates are more likely to experience multiple negative health outcomes compared with relatively safer communities [4, 5] . In short, the negative health outcomes an individual may face are complex as they often result from a chain of events situated in environments that foster such outcomes.
The recognition that the accumulation of physical and mental illnesses is more than just additive, ie, that the total burden of illness is greater than the sum of each negative health outcome, is referred to in the public health literature as a syndemic. The term syndemic was introduced by Singer [6] to address the relationships between health problems and the contextual (ie, social, political, historical, and environmental) influences that shape them [7] . One of the key goals in considering syndemics is understanding how the intersections of health problems unfold and, ultimately, affect general well-being. Syndemics occur in populations situated in particular locations, anchored in specific moments in time; hence, the recognition and prevention of syndemics requires an awareness of the contextual factors that connect each disease outcome [8] .
This paper considers the intersection of 3 epidemics: Alcohol use, interpersonal violence (IPV), and HIV infection. In particular, we focus on how these epidemics intersect among pregnant women in South Africa. We chose to concentrate on these epidemics among these women as rates of alcohol use, IPV, and HIV among South Africa women are, on the whole, among the highest rates in the world. Furthermore, rates of fetal alcohol syndrome (FAS) among South African children are also among the highest in the world. And finally, the presence of these epidemics is consistent with the synergy of disease, social context, and behavioral patterns that Singer [6] initially presented as forming a syndemic; one which he refers to as SAVASubstance Abuse, Violence, and AIDS. A recent review of the SAVA syndemic in American samples confirms that the impact of substance use and IPV are synergistic -in particular, among studies focused on women, the SAVA syndemic emerges as a stable pattern: there are powerful relationships between substance use, the impact of IPV, poor decision making, and risk taking behavior [9•] .
There is great need for context-sensitive interventions, particularly for the world's most vulnerable populations. The development of context-sensitive interventions for pregnant women is urgently needed to improve not only the health of pregnant women but to create environments most advantageous for their infants. When pregnant women live in contexts that place them at a socio-economic disadvantage, support risk-taking behaviors, and normalize negative health outcomes, (ie, IPV) health consequences are compounded, each enhancing the next, thus amplifying the harmful effects for both the mother and, potentially, her unborn child.
Critical Intersecting Epidemics Among Pregnant Women
The Impact of Alcohol Use With regards to world regions, we observe the overall highest rates of heavy episodic alcohol consumption among men and women living in sub-Saharan Africa [10] . Although Africa has a per capita consumption rate consistent with world averages, men and women in this region report high rates of abstaining from alcohol use, therefore, alcohol consumption among those who do drink is alarmingly high [11] . Similarly, the proportion of South Africans who drink alcohol is fairly low (in a national household survey just 39% of men and 16% of women reported alcohol use in the past year), however, South Africa has one of the highest percapita rates of alcohol consumption in the world among those who do consume alcohol [12, 13••] . Heavy alcohol use in informal drinking establishments or shebeens (informal drinking venues) and taverns within many townships in South Africa occurs frequently [14] [15] [16] [17] [18] [19] [20] . Furthermore, South Africa has high rates of hazardous drinking and patterns of detrimental alcohol use tend to be more severe in South Africa [21] [22] [23] , compared with other parts of the world [12] .
It is widely believed that heavy drinking among poorer South Africans, particularly Coloureds (see below 1 ), is deeply-rooted in the legacy of the 'dop' system. The dop system, named after the colloquial Afrikaans word which means an alcoholic drink, has a long history dating back to European colonialism. In the Western Cape province (where some of the highest rates of FAS have been recorded worldwide), the agricultural economy centered on grape and wine production. Within this system, the payment of farm workers in part with crude wine considered unfit to drink was established [24] . This system allowed farmers to get rid of surplus wine, and kept workers dependent and loyal due to their alcoholism. The dop system played an important role in farm workers' dependency on alcohol and in the social control exercised over the indigenous people of the Cape region. Indigenous people were enticed to work on farms with the promise of payment in the form of tobacco, bread, and wine [25] . Under this system, farm workers were well controlled [26] , but the shackles of their addiction had far reaching effects. In particular, since women did not refrain from alcohol use during pregnancy, the greatest impact has been on mothers and the children born to them [24] .
The dop system was officially banned in 1960 but continued under apartheid; the ban was only enforced in the 1990s following South Africa's democracy. Despite this change, there have been claims since then that the dop system is still active. However, in 2007 The Black Association of the Wine and Spirits Industry (BAWSI) called for the establishment of an industry fund to change people's attitudes about drinking alcohol and to set up institutions to treat alcoholism. This effort led to judicial action in order to fight against the agricultural industry and, ultimately, to encourage government to address the outcomes of the dop system [27] . Some argue that farmers are still practicing the dop system today but the pattern of remuneration by means of cheap wine is cloaked under the pretence of farmers providing workers with a 'gift'. The amendment of the 1928 liquor act in 1961 did not address the provision of free wine as a gift to farm workers, which left a loophole through which the practice continues [25] .
Perhaps more devastating than the possibility of the currently functioning dop system practiced by farmers have been the claims that farm workers across the Western Cape have created their own dop system since the official system was outlawed [28] . In a newspaper article published in 2012, Prof Viljoen (founder of the Foundation for Alcohol Related Research, FARR), was quoted as stating that the dop system has been replaced by shebeens and on farms far from shebeens or from the bottle stores (spirit shops) found in townships, there now exist mobile shebeens. Trucks (locally called bakkies) stocked with alcohol travel to farms and communities to sell alcohol and will even sell alcohol on credit [29] . A cycle of drinking and paying off drinking debt persists to the extent that farm workers themselves have expressed concerns about the operation of mobile shebeens [30] . Therefore, despite the abolishment of the dop system, dependence on alcohol continues to play a role in enmeshing farm workers in a cycle of poverty and dependence [25] and beyond the rural areas in the townships of urban areas, regular, and heavy alcohol consumption persists.
During apartheid, illegal shebeens in black and coloured townships played an important role in the lives of the oppressed [26] ; today, shebeens continue to thrive in impoverished environments. The legacy of excessive drinking continues to afflict these communities, causing widespread social damage and can only be addressed by changing the pattern of drinking in South Africa -a shift which has been argued as essential if the alcohol-related burden is to be reduced [26] .
The Impact of Interpersonal Violence (IPV)
Women of childbearing age (15-49 years of age) are at the greatest risk of experiencing IPV across the lifespan [31] . The World Health Organization's [32] multi-country study of Women's Health and Domestic Violence found prevalence rates for IPV as high as 28%; it is noteworthy that among the 10 countries included in the survey, the 2 African countries (Namibia and the United Republic of Tanzania) hold the highest rates of IPV. This international study also reports that women who experience IPV are more likely to categorize their health as poor or very poor compared with women who have not experienced IPV. The negative outcomes of IPV during pregnancy pose particular risks to mother and child including increased risk of sexually transmitted infections/HIV, miscarriage, preterm labor, induced abortions, pregnancy complications, hypertension, delivering at a low birth weight, physical injuries, stress, and, in extreme cases, is associated with maternal death (see Fig. 1 ) [33] [34] [35] .
Worldwide, rates of IPV are highest within impoverished communities and women with less education and fewer financial resources are at an increased risk for victimization. Efforts to improve employment and education rates can be obstructed by IPV, as assault and the fear of violence contribute to reduced school enrollment for girls [36] . Gender inequalities like these are common in many African cultures, which tend to organize social power around patriarchal systems, and underpin generational cycles of IPV [37••] . Substance use -and alcohol use in particular -is also highly correlated with IPV [38] . Cultural attitudes that condone violence against women, in combination with attitudes that minimize the risks of the consumption of drugs and alcohol, create a context wherein violence against women is normalized, resulting in exceptionally high rates of IPV. Remarkably, estimates of IPV during pregnancy among women in Africa range from 23%-49% and these rates have been identified as among the highest reported globally. Major risk factors for IPV among African pregnant women include being HIV infected, and having a history of violence, and alcohol and drug use [39••] . This high prevalence rate may be unique to pregnancy because expecting a child is likely to put increased demands on limited family resources and on relationship dynamics as individuals adjust during the transition to parenthood [40] . In South Africa, violence is the second leading cause of premature death and homicide accounts for more than half of all fatal injuries among 15-34 year-olds [41] . South Africa's epidemic of community and personal level violence is fueled, in part, by alcohol use and attitudes condoning violence against women. More than half of female homicide victims are killed by their relationship partners, and both perpetrators and victims of violence often have high blood alcohol content [42] . Reviews across results from over 80 IPV studies have identified alcohol use as a significant predictor of violence perpetration -in particular, that there is a significant and large correlation between attitudes condoning violence and violence perpetration [43] . In South Africa, IPV history has been linked to an increased chance of problematic alcohol use for men and women [37••] , and drinking has been associated with greater odds of men perpetrating IPV and sexual assault [31, 43] . These results combined suggest the relationship is cyclic; IPV histories increase alcohol use, and alcohol consumption contributes to IPV -this relationship most likely occurs through the process of lowering inhibitions, and increasing impulsive and risk-taking behavior. Indeed, research suggests that IPV victimization and perpetration are both better predicted by past IPV trauma histories than by substance use histories or any demographic variable [37••, 44] . "In South Africa, exposure to violence in childhood is as ubiquitous as Fig. 1 HIV prevalence, alcohol consumption, and maternal mortality it is in adulthood" [37••] and, overall, reports of IPV demonstrate its remarkably high prevalence in South Africa: between 25% and 42% of study respondents report currently being in a violent partnership [45] [46] [47] [48] .
The Impact of HIV Transmission
The burden of HIV infection disproportionately affects women in Africa; it is estimated that 60% of the individuals who are living with HIV in Africa are girls and women. Furthermore, in sub-Saharan Africa young women are 8 times more likely to be HIV infected than men. In all of sub-Saharan Africa, 40% of women living with HIV reside in South Africa [49, 50] . Efforts to prevent maternal-to-child transmission have expanded globally with an estimated 53% of HIV positive pregnant women receiving PMTCT (preventing mother to child transmission) treatment. However, only 15% of HIV positive pregnant women accessing maternal health clinics are receiving antiretroviral therapy for their own health [49, 50] .
The limited care available for many HIV positive pregnant women in sub-Saharan Africa is consistent with the lack of services accessible for these same women who are using and abusing substances. Although options for HIV positive pregnant women who abuse substances are limited, it is well known that substance use during pregnancy is a major concern in multiple sub-Saharan countries [51] . Recently, work completed by Chersich et al. [52] has outlined the intricate relationships between alcohol use, HIV transmission, and unintended pregnancies. Cherisch focuses on the detrimental influence of alcohol in the role of secondary HIV transmission and unintended pregnancies, arguing for a focus on the broader context these behaviors occur in. Similarly, Rotheram-Borus [53• •] has developed a community-level, behavioral intervention around addressing the role of HIV infection, alcohol use, and pregnancy in the Cape Town, South Africa area. This work has paved the way for defining approaches to delivering intervention content relating to complex risk and is delivered by lay health care workers residing within the community where they are working.
Recent studies focusing specifically on the use of alcohol among HIV positive pregnant women are limited in subSaharan Africa. However, available research suggests that the role of alcohol likely varies considerably across cultures, with studies from South Africa [54] and Nigeria [55] highlighting the different influences of alcohol among HIV positive pregnant women. Desmong et al. [54] notes that alcohol use among HIV positive South African pregnant women varies greatly, with those residing in the KwaZuluNatal area reporting relatively lower of rates of alcohol use than other areas, yet women who do consume alcohol report high rates of alcohol consumption. However, Etukumana et al. [55] notes a lack of association between testing HIV positive and alcohol abuse. Overall, the impact of HIV on South African communities continues to bolster the presence of a syndemic among pregnant women in South Africa. Without considerable advances in access to HIV prevention education and tools, and without improved options for HIV treatment, the presence of a syndemic is likely to remain a key factor influencing the overall health outcomes of pregnant women.
Synergistic Co-occurrence
Taken independently, each of the epidemics of alcohol use, IPV and HIV transmission are a noteworthy and formidable threat to the health of pregnant women. When public efforts broaden to a global view (see Fig. 1 ), it is clear that threats to maternal and child wellbeing are synergistic. Their combination results in an alarming set of circumstances for South African women in particular. As depicted in Fig. 1 , HIV prevalence rates are greatest in Africa, with Southern Africa experiencing the highest prevalence of HIV infection compared with any other region of the world. Likewise, maternal mortality ratios are the highest in Africa, with central Africa being most affected. Furthermore, heavy episodic alcohol consumption among women is greatest in Southern Africa, including South Africa. On the whole, as is evidenced by Fig. 1 , South Africa represents the intersection of the highest rates of the aforementioned epidemics, a scenario characterized as a syndemic. By taking this broader view, prevention strategies can begin to address the biosocial context in which this syndemic is sustained.
Moreover, Fig. 1 depicts a public health scenario for Southern Africa that leaves little doubt that improvements in maternal child health are desperately needed. However, what we understand about the health of pregnant women in Southern Africa is also greatly limited. The information on maternal fatalities does not break down cause of death to distinguish between disease mechanisms and inflicted injuries (although greater than 50% of female homicide victims in South Africa are the result of IPV, as noted earlier), nor can we present reliable information on the rates of alcohol consumption among women who are pregnant specifically. Indeed, the lack of national-level data with much detail is an obstacle to forming timely, relevant, and effective intervention strategies. Remarkably, we were unable to identify any database containing FAS information: There appears to be no prevalence data on FAS for any of the 57 African countries. Sources have extrapolated estimates for FAS prevalence using North American incidence rates (ie, [56] ), but these seem vastly under-informed given the clear differences in health and human service resources available on each continent. The limited data available exists within single or specific regions within single nations (ie, Cape Town Province of South Africa), and these numbers indicate on a national level the potential for each generation to be suffering disturbingly high FAS morbidity burdens [28] . In the absence of more detailed information, first steps towards improving maternal-child welfare outcomes must be informed by what is at hand. Thus, it is imperative that we prioritize improvements in the understanding of various maternal and child health outcomes, and that we make efforts to assess the prevalence of FAS in developing countries.
Prioritizing Goals for Future Prevention Efforts
Meeting the needs of HIV positive pregnant women is challenging in resource limited settings. However, there are potentially multiple entry points into care, or during ongoing care, where intervention around substance use and HIV transmission risk behaviors can be prioritized. For example, recent work by Peltzer [57] , lays out the framework needed to address reasons that pregnant women do not receive HIV testing or HIV test results. Although, in this work, a majority of pregnant women received their results (81.2%), a significant minority did not, and, importantly, reasons for not receiving results may be addressable through counseling. Basic concerns around fear of learning one's results and confidentiality were most commonly reported. In fact, in a meta-analysis of 5 recent studies [39••] , IPV increased when a woman's HIV status was positive; hence some of the reluctance to engage in testing may center around basic safety concerns. "We need to understand how HIV status operates in a culture where female subordination is the norm and how together with other factors it increases pregnant women's risk for violence" [39••] .
In our evaluation of available services for both HIV positive and negative pregnant women residing in informal settlements around the Cape Town, South Africa area, we suggest that relatively basic interventions could possibility have a profound effect on improved health outcomes. These interventions include: transportation to substance use treatment centers, social support groups for people actively engaging in substance abuse, the addition of non-alcoholic beverages at shebeens and greater accessibility to pregnancy tests for early detection. Moreover, safe places for women and families to reside who are exposed to IPV could serve as important options for breaking the cycle of violence.
Conclusion
Development of community-based and therefore contextuallygrounded interventions for vulnerable populations are desperately needed in Southern Africa. Ideally, these interventions should be informed by thorough needs assessments and through reliable estimates of the scope of risk behavior. This process will allow for targeting and addressing factors that support the HIV, alcohol use, and IPV syndemic (a syndemic that perhaps is most dire for mothers and their unborn children). While the most effective and enduring strategies will be those that challenge attitudes that condone violence against women, educate the community about the risks of substance use, particularly during pregnancy, and create an environment of support and treatment for HIV positive individuals, these cultural shifts will likely take decades. Positive steps to improve maternal-child health outcomes, however, can be taken in the immediate future. For example, efforts to estimate the scope of each epidemic can be extended beyond the few regions currently collecting incidence and prevalence data. Moreover, structural interventions that provide access to community-based support for both HIV treatment and substance use recovery -both with an eye towards IPV screenings -can serve as safe havens and provide much needed health education resources. Screening and brief interventions delivered in prenatal services may help improve access to substance use interventions for pregnant women, thus preventing FAS and other negative consequences of substance use during pregnancy.
